Streptobacillus moniliformis was isolated from the middle ear of 9 of 16 rats used for otological studies. Examination of rat sera for the presence of anti-Streptobacillus moniliformis antibodies using an ELISA technique resulted in 15 seropositive animals. The source of the S. moniliformis infection was not determined.
In conventional rats Streptobacillus moniliformis is a normal inhabitant of the nasopharynx (Strangeways, 1933) . The pathogenic potential of this organism in the rat seems to be limited, but in man it is considered to cause rat-bite fever and Haverhill fever. We report the unexpected finding of S. moniliformis in experimentally induced middle ear effusion in rats. Some epidemiological and immunological aspects of the infection are described.
Materials and methods

Animals
Homebred SPF Cpb:WU (Wistar) rats of both sexes, aged 6 weeks, were housed in groups of 4 on sawdust in macrolon cages type III in a conventional environment without special protective measures.
They were fed untreated RMH-TM pelleted diet ad libitum (Hope Farms, Received 10 March 1989; accepted30 April 1990 B.V. Woerden, The Netherlands). Room temperature was 20°-22°C and relative humidity 600/0-70%.
Experimental techniques
For induction of middle ear effusions the Eustachian tube was obstructed with the rats anaesthetized with pentobarbital sodium (50 mg/kg i.p.). The obstruction, in the right ear only of 13 rats and both ears in 3, was achieved by means of electrocoagulation, using a home-made fine needle electrode (diameter I mm) connected to a power supply (Radioton, Siemens, Erlangen, Germay). The Eustachian tube was reached by a ventral approach, medial to the posterior belly of the musculus digastricus and obstructed in its extra-tymp~nic course. At various intervals after obstruction the animals were killed by intracardiac injection of an overdose of pentobarbital sodium. After decapitation the middle ear was separated from the skull. For microbiological studies a small hole was made in the bony wall of the middle ear and a small amount of the middle ear content was removed through a platinum needle (4 cm length and O· 8 mm diameter) and cultured.
Bacteriological techniques
Samples from the middle ear were used to inoculate 5% sheep blood agar. After incubation at 37°C in air for 48 h and examination at 24 and 48 h, suspect colonies were subcultured on the same medium and stained using Gram's method.
Phenotypic identification of S. monilijormis was performed according to Cowan (1974) and Edwards and Finch (1986) . *Obstruction of Eustachian tube. tAnima\s considered positive if OD in ELISÃ mean+3 SD of OD in negative control animals. growing the organism in brain heart infusion broth supplemented with 5070horse serum for 20 h at 37°C. The culture was centrifuded and washed 3 times in PBS pH 7, 2 and then 3 times in PBS pH 7·2 containing 0'01070 (w/v) merthiolate to kill the bacteria. The protein concentration was adjusted to 10 p,g/ml in Na z C0 3 pH 9, 6 and 100 p,1 used to coat each well of 96 (U-bottomed) microtiter plates (Titertek®, Flow Labs, Amsterdam, The Netherlands) overnight at 20°C. Sera were diluted 1: 10 and 1: 100 in PBS pH 7, 2 containing 1070bovine serum albumin (Organon Technica, Oss, The Netherlands), and 100 ttl amounts were added to antigen coated wells and incubated for 2 h at 37°C. The plates were washed 3 times in O' 05070 Tween 80 in distilled water.
Dilutions of peroxidase conjugates of goat-anti rat IgM (1: 10, 000), goat-anti rat IgG (1: 10, 000) and goat-anti rat Ig (1 :20·000) (Cappel, Malvern, USA) were added. After incubation for 1 h at 37°C 100 p,lsubstrate (1' 67070w/v tetramethylbenzidine in dimethylsulphoxide (6 mg/ml), in 100 p,l 0·11 M sodium acetate buffer pH 5, 5, and 10 p,l HzOz) were added. The reaction was stopped after 10 min with 100 p,l 2 M H z S04 and absorbances were read at 450 nm using a Titertek Multiscan. Sera from S. moniliformis culture negative hysterectomy-derived barrier maintained SPF Riv:TOX rats and from similar rats inoculated intranasally with 104 c.Lu. S. moniliformis (homologous strain) and bled after 7 weeks, were included in each test as negative and positive controls, respectively. Sera were considered to contain anti-So moniliformis antibodies if the 00 exceeded the mean + 3 SO of the 00 observed in the negative control sera.
Statistical analysis
Differences between groups were evaluated by the Fisher's exact test, using the statistical package Epistat on a personal computer.
Results
S. monififormis was isolated from 9 of 16 rats with Eustachian tube obstruction (Table 1) and more frequently from rats killed up to 9 weeks after tube obstruction compared with animals examined after 6 months, which were all negative on cultivation (Fisher's exact test: P<0·005). No difference was observed in the frequency of isolation of S. moniliformis from ears with or without obstruction of the Eustachian tube (Fisher's exact test: P=0·28). Gram-stained preparations revealed the characteristic pleomorphic, nonacidfast, Gram-negative character of the organism. Chains of filaments and bulbous swellings were present (Fig. 1) . The organism grew easily on 5070 sheep blood agar. Biochemical characteristics of the micro-organism are listed in (Table 1) but not in 6 culture negative control animals. In contrast IgM antibodies were detected in only 5 of the 16 rats at 2 weeks and 6 months post-obstriction. Significantly more positive animals were detected in the contaminated colony by serology (I5 out of 16) than by cultivation (9 of 16; Fisher's exact test: P<O'002), although the correlation between serological and cultural results in individual animals was not significant (Fisher's exact test: P = O' 28).
Discussion
S. moniliformis infection was diagnosed in SPF rats, used for otological studies and kept under clean conventional conditions. The cultural, morphological and biochemical characteristics of the organism (Table 2 ) were in agreement with those reported by Wittler and Cary (1974) . S. moniliformis was isolated from about half of the rats (Table 1 ). The organism, which is sometimes difficult to isolate as it grows slowly and may be overgrown by other microorganisms, was more frequently isolated from younger than older rats (Table 1 ), suggesting that the development of an immunological response might have contributed to its disappearance or reduction in numbers to a level below the sensitivity of the sampling and culture techniques. Our findings show that serology may be more successful in the detection of S. moniliformis infection than cultivation.
The presence of IgM class anti-So moniliformis in only a minority of the animals, while IgG class antibodies were detected in almost all (Table I) , suggests that the infection was not recently acquired.
S. moniliformis causes rat-bite and Haverhill fever in man. Infection can occur after a rat-bite (Raffin & Freemark, 1979; Rey et al., 1987; Anderson & Marrie, 1987) or handling rats (Lambe et al., 1973) . Infection may also follow consumption of contaminated raw milk or water (Shanson et al., 1983; McEvoy et al., 1987) . Etscorn and Blodgett (1987) estimated that anywhere between 10% and 100% of apparently healthy rats might harbour S. moniliformis. About 100/0of the estimated 14000 annual ratbites in USA laboratories and in urban areas with poor sanitation result in rat-bite fever (Anderson et 01., 1983) . In the USA half of al1 rat-bite fever cases reported during the past 25 years, involved laboratory personnel who handled rats (Anderson et 01., 1983) . Because of the zoonotic potential of S. moniliformis our infected colony has been replaced by offspring from hysterectomy-derived barrier-maintained S. moniliformis free animals. S. moniliformis infection has been described in other animal species, e.g. turkeys (Mohamed et 01., 1969) , guineapigs (Kirchner et 01., 1987) , spinifex hopping mice (Notomys alexis) (Hopkinson & Lloyd, 1981) , koala (Phaseolaretos cinereus) (Russell & Staube, 1979) and mice (Savage et 01., 1981; Wullenweber-Schmidt & Kaspareit-Rittinghausen, 1988) . The mode of transmission of S. moniliformis from rats, considered the primary hosts to other animals has not been elucidated, but studies in mice (Levaditi et al., 1932; van Rooyen, 1936) and epidemiological observations in turkeys (Yamamoto & Clark, 1966) suggest that, as in man, it may be via a bite by an infected rat.
The source of the infection in our conventional experimental colony was not determined. Weisbroth (1979) did not detect S. moniliformis in gnotobiotic or hysterectomy-derived rats housed separately from conventional rats. However, Wullenberg-Schmidt and Kaspareit-Rittinghausen (1988) recently reported an outbreak in laboratory mice where, as in our study, direct contact with wild rats was considered unlikely, suggesting hitherto unknown sources of infection. As in man (Shanson et 01., 1983; McEvoy et 01., 1987) , infection through ingestion of contaminated diet is a theoretical possibility. We used non-sterilized pelleted food, the components of which might have been contaminated by wild rodents and assuming that S. moniliformis could have survived the pel1eting process. This possibility now needs to be investigated. Veterinary Record 79, 95-
